A range of groundnut (Arachis hypogaea L.) genotypes, representing the cultivated botanical groups, were grown at ICRISAT Center, India. In 3 experiments, 3-8 genotypes were grown at various plant-population densities. In a fourth experiment, 27 genotypes were grown at a constant spacing. Acetylene reduction (AR) and fractional light interception (f) by these cultivars were measured at several stages of crop growth. Plant population (density), sample date and genotype influenced both the AR rate m -2 and the fraction of light intercepted; variables that were well correlated. In 3 experiments, ca. 90% of the statistical variation in AR rate m-~ was attributed to variations in f. In the remaining experiment, genotypic variance was 46% of the explained variance; one genotype (Gangapuri) had consistently low AR across the range of populations, however in the other experiments Gangapuri did not differ from other cultivars in AR/f, when sampled at earlier stages of development.
Introduction
One research avenue extensively investigated is the genetic improvement of the host plant (Nutman, 1984) . Substantial genotypic variation in groundnuts for biological N 2 fixation rate has been reported (Nambiar et al., 1982; Wynne et al., 1982) , and this variation has been shown to be heritable (Isleib et al., 1980) . Similarly, differences in the total amount of N fixed by different cultivars have been demonstrated (Gillier et al., 1987) . Therefore, the prospects of increasing biological N 2 fixation through breeding and selection are considered good.
The estimation of N2 fixation rate by the destructive acetylene reduction (AR) assay (Dart et al., 1972) has been shown to be influenced by the method of assay (Minchin et al., 1983b) , environmental and cultural conditions (Nambiar and Dart, 1983) , and crop growth stage (Dutta et al., 1988; * Submitted as Journal Article No. 838. 83 Tonn and Weaver, 1981) . Despite these shortcomings, observations of acetylene reduction activity (ARA) on groundnuts (grown in conditions of limited soil N) can correlate well with final N accumulation (Arunachalam et al., 1984; Dutta et al., 1988) , suggesting that this method can provide a quantitative index of N2 fixing ability for use in breeding programs (Coale et al., 1985; Duhigg et al., 1978; Graham and Temple, 1984) . Usually the described genotype variations in ARA are based on isolated plants, or on plants in widely spaced rows, i.e., conditions where the fraction of incoming light intercepted by the crop is less than one.
At the plant level, variations in light interception (created by defoliation) have been shown to vary ARA (Osman et al., 1983) , while Wynne et al. (1982) reported that total leaf area and N2 fixation were associated in a range of groundnut genotypes. This is expected because of the dependence of N2 fixation on energy derived from photosynthesis. In groundnuts, there are wide genotypic differences in canopy structure which can interact with plant spacings to influence photosynthesis by changing the fraction of light intercepted (f) by the plants. In a growth study conducted at ICRISAT (ICRISAT, 1983) , genotypes having large differences in N2 fixation rate (Nambiar et al., 1982) did not differ in their crop growth rates. In these N2 fixation studies, the plants were grown in rows 0.6 or 0.9 m apart, while in the crop-growth studies, the populations were adjusted for canopy characteristics to ensure that light interception was complete.
While there is ample evidence that leaf expansion is strongly influenced by N nutrition (Seetharama et al., 1982; Trewavas, 1985) , it is incorrect to attribute all variations in leaf area to N nutrition or to the symbiosis. It is possible that the reported genotypic differences in the N2 fixation rate of genotypes are confounded by morphologically mediated differences in f. If this were true, it would have considerable implication for the conduct of a breeding effort aimed at improving Nz fixation rates.
This study was conducted to examine the influence of canopy-based variations in light interception on the ARA m -2 of groundnut genotypes. wider spacings. Immediately before samplings for ARA, light interception (as a fraction of the flux) was measured with a Licor Instruments linequantum sensor placed above and below the canopy. Plants were then removed by digging with a garden fork and the root systems gently shaken free of soil. The root systems of plants in a sample were cut from the tops and placed in a 10-1itre plastic bucket, immediately after the top was sealed acetylene was introduced to create a 10% (v/v) mixture of acetylene and air. The gas mixture was sampled at the start of the incubation period, and the jars were covered with wet sacking to keep them cool and incubated for 30min before a second sample was made. Full details of the AR methods are described by Nambiar and Dart, (1983) . Hydrogen evolution was not measured. All the plants in a sample were assayed as a bulk, however the numbers of plants within a sample varied depending on the population density, and AR rates were adjusted for the land area involved in the sample.
Experiment 1

Materials and methods
Four experiments were conducted in the postrainy seasons (Nov-April) of 1983/84 and 1984/85 at ICRISAT Center, near Hyderabad in India. Since these plants were grown in Alfisols with a history of successful groundnut nodulation no inoculants were added. During land preparation, 60 kg ha-I P205 was incorporated into the soil, and 400 kg ha-t of gypsum was top-dressed at flowering. The intended plant populations were achieved by sowing more seeds than needed and thinning to the required spacing after seedling establishment. Irrigation (ca. 50mm) was initially applied at 10-day intervals until the evaporative demand increased in February, after which irrigation was applied weekly. Plots were kept weed-free by using herbicides (Alachor and Glyphosate at recommended rates), and by hand weeding.
Plant sampling for the ARA was done 2 or 3 days after irrigation, between 0930 and 1130 h on clear sunny days. Sample areas were guarded from other treatments, and from previously sampled areas by at least 50 cm, or by another row of plants in the Three genotypes (NC Ac 2821, Kadiri 3, and ICGS 15) were sown at 3 spacings (15 x 15, 30 × 30, and 60 × 60 cm) in a randomised-block design with 4 replications in 1983/84. Plots 1.5, 3.0, and 4.5m 2 for the 15, 30, and 60cm spacings, respectively, were sampled for estimation of ARA at 88 days after sowing (DAS).
Experiment 2
In 1983/84, 4 genotypes (NC Ac 2821, Kadiri 3, Gangapuri, and JL 24) were sown in 3 inter-row spacings (30, 45 and 60cm) with both 10-and 20-cm intervals between plants within the rows. Treatments were replicated 4 times. Samples for AR assay were made at 80 and 140 DAS, and 30 days after flowering.
Experiment 3
Eight genotypes, previously characterised as high and low Nz fixing (Nambiar et al., 1982) , were 
Experiment 4 Experiment 1
Genotypes did not vary significantly after the effects of f had been taken into account (Table 2 ). In all 3 genotypes, the ARA m -2 increased linearly with f (r was between 0.69* and 0.84**); larger differences between genotypes existed at low f or wide spacings (different intercepts for the regression of ARA m-2), but these decreased as f approached 1.0 in the close spacings because of the differences in regression coefficients (Table 3) .
In 1984/85, 27 genotypes (16fastigiata ssp. and I 1 hypogaea ssp.) were grown in 3 replications, with one spacing (30 x 10cm). ARA m -2 and fofeach genotype were measured 35 days after commencement of flowering. Sample size was the same as in Experiment 3.
Statistical analysis
In Experiments 1-3, statistical analysis started with analysis of variance (ANOVA) to determine if genotypes and spacings influenced ARA m -2. The relationship between ARA m-2 and f was evaluated using linear regression techniques, and correlation coefficients for individual genotypes. Since ARA m -2 was usually related linearly to f, further ANOVA for genotype (G) effects was conducted using f and G in a linear model approach (SAS GLM procedure), where population effects were not considered. This provided an assessment of the relative contributions to variance of canopy differences (morphology and spacing dependent), and genotype after the effects of canopy were con-
Experiment 2
No genotypic differences in ARA m -2 were found at 140 DAS, or 30 days after flowering (data not shown), but existed at 80 DAS, when both genotypes and f significantly influenced ARA m-2. ARA m -2 was linearly related to f for 3 genotypes. Gangapuri differed from the other genotypes in that ARA m -2 did not increase with f, resulting in Table 2 ). The regression coefficients for both slope and intercept were similar for the other three genotypes (Table 3) .
Experiment 3
The seasonal increase then decrease of A R A m -z (Table 4) (Table 1) when averaged across the range o f row spacings (Table 4) . A l t h o u g h the rankings remained consistent, however, statistically significant differences between genotypes occurred at different dates. W i d e row spacing resulted in low A R A m -2, as d e m o n s t r a t e d by the d a t a (Table 5) , when A R A m -z was at its peak. However, A N O V A ( G L M ) o f A R A m -2 as a function o f f and G showed that although genotypes were a significant source o f variation, their contribution to the overall sums o f squares was only 2% (Table 6) .
A multi-factor regression o f A R A m -2 on D A S (between 47 and 75 D A S ) and f was c o m p u t e d for individual genotypes, and the rate at which A R A m 2 changed as f and D A S increased was compared (Table 7) . Diversity (for the regression term o f A R A m -2 on f) was greatest a m o n g the virginia bunch types. Egret had the greatest A R response to f, and Kadiri 3 the lowest; these differences in response to f being statistically significant (P > 0.05). The slope terms of the regressions were not different for all the other genotypes; the fastigiata genotypes did not differ amongst them- selves, or from the mean of the hypogaea ssp. and were not significantly less than the best genotype (Egret). The intercept terms were not significantly different from zero for all genotypes. Although ARA m -2 increased with time until 75 DAS, the multi-factor regression showed that this was the effect of increased fwith time, ARA m 2 f tending to decrease with age.
Experiment 4
As with Experiment 3, both the G and f were significant (p > 0.01) in accounting for the variations in ARA m-2; however, f was associated with 90% and G with 6% of the explained variation in ARA m 2 (data not shown).
Discussion
In these experiments the emphasis is on relative 'fixation rates'. Thus, the effect of acetylene on nitrogenase (Minchin et al., 1983b) , becomes important only if the depression is not constant across genotypes. Since the ANOVA also shows that the genotypic effects are small, differences in sensitivity to acetylene are (if they exist at all in groundnuts) a small source of error. More importantly, fractional light interception (f) contributed substantially to the rate of fixation, this being significant for future work.
The differences in ARA m -2 between the four morphological classification groups were more dependent on variations in f, rather than inherent differences in symbiotic efficiency (Table 6 ). Thus, reports thatfastigiata types have lower ARA than the hypogaea group (Nambiar et al., 1982; Wynne et al., 1982) may be due to canopy characteristics, with the experimental conditions favouring genotypes with greater branching and leaf production capabilities. Graham and Rosas (1978) observed an interaction in the fixation rate of bean genotypes with widely differing canopies over a range of populations. At low populations, were f of the 'bush' variety would have been less than that of the 'climber', the fixation per plant and per unit area of the 'climber' were several times greater than that of the 'bush' types. But at high population densities (that probably intercepted most radiation), both compact bush and climbing cultivar had the same ARA m -~.
The possibility of comparing the fixation rate of genotypes, after adjusting for canopy effects on f can be evaluated using these experiments. Investigation of the AR rate of individual genotypes, after adjusing for f, showed that differences did exist, but these accounted for a small fraction of the variance (2-6%). It still needs to be determined whether the gains possible by breeding are economic.
Radiation interception is easily manipulated by changes of plant spacing and this alternative strategy to manipulate the fixation rate of groundnut seems more attractive than breeding. However, with improved methods of measuring ARA and the associated respiratory cost of fixation (Minchin et al., 1983a) linked to measurements of the canopy photosynthesis, it may be possible to demonstrate a genetic variation in fixation rate that is not confounded by the canopy and the acetylene effect.
Since the total N~ fixed by a crop is a function of duration and mean rate of fixation and as these experiments show that the instantaneous rate of fixation by groundnuts is dominated by canopy considerations, there remains the possibility of improving the N2 fixation by extending the duration of fixation. Nitrogen isotope technologies are able to evaluate the total amounts of N2 fixed by legumes (Giller et al., 1987) , and these techniques combined with measurement of the fractional light interception, to overcome the confounding effect of morphologically derived differences in canopy, should allow selection of differences in duration.
In conclusion, these data indicate that direct selection to improve host-plant rates of N 2 fixation in groundnuts is unlikely to succeed if measurements of N2 fixation are attempted without associated measurements of energy interception. Secondly, canopy-related effects probably are a confounding factor in previous reports of genotypic differences in symbiotic N2 fixation.
